Welfare of the animals is of global interest recently and housing of egg-type chickens inside battery cages is being banned in many developed countries in view of the stress to which the chickens are exposed. Measurement of some blood parameters such as White blood cell (WBC) counts and differential leucocytes counts and Heterophil to lymphocyte ratio have been used to assess stress among chickens. Changes in these parameters were therefore investigated among chickens in different housing systems in a typical humid tropical region of the world where animal welfare issue is currently unpopular.108, 17-weeks old Super Black hens (SBL) and 108, 17-weeks old Super Brown hens (SBR) were randomly allotted to three different intensive housing systems of Partitioned Battery Cage (PBC), Extended Battery Cage (EBC) and Deep Litter System (DLS) in a Randomized Complete Block (RCB) design with 36 hens per housing system each with three replicates. The experiment lasted 37 weeks. Parameters measured included Total White Blood cells (WBC), Differential Leukocytes while Heterophil-Lymphocytes ratios (H/L) were calculated .Data collected were subjected to statistical analysis using 2-way ANOVA while means were separated with Duncan's Multiple Range Test (DMRT). Housing systems had significant effect on the differential leukocyte counts and H/L ratios but not on WBC counts. Hens housed inside PBC (control) had the highest values of H/L ratio with the least values from those housed on DLS. Meanwhile, the parameters investigated were not significantly affected by the strain. Higher values of H/L ratio recorded by hens housed on PBC which is the conventional system of housing layers in the tropics are indications of stress on the chickens due to lack of freedom to move about and which is against the welfare of the chickens.
Introduction
In spite of the global needs to ensure food security for the ever growing population especially in the tropical and subtropical regions, animal production therefore becomes an inevitable source of protein in human diet. Animal products such as meat, milk and egg are rich sources of animal protein, vitamins and minerals (CAST, 1997) and their inclusion in the diets of people in countries with very low income where the intake is very low presently will definitely improve their health status and level of development. Meanwhile, poultry farming is being widely accepted globally of recent with no restriction as a source of livelihood to the rural sector and employment generation for the upcoming youths and therefore it is of paramount importance (Hasnath, 2002) .Performance of laying chickens in terms of egg production, egg qualities and livability is a function of breed, environment and the general routine management practices (Campbell & Lasley, 1975; Smith, 1995; Alabi et al., 2006) , the environmental photoperiods, wind speed and housing. Intensive housing systems such as deep litter and battery cages are commonly used globally. Suto et al. (1997) reported that birds housed inside conventional battery cage had higher hen-day production of eggs than those on free range. However, housing laying hens intensively inside battery cages has received so much opposition recently with the argument that this system poses welfare problems on the birds (Baxter, 1994) . According to Nicol (1987) , birds housed inside cages are always under stress and will not be able to exhibit some natural behaviors. Animal welfare is an important issue on the European Union agenda (Meghan, 2007) , and several countries have been coming up with legislation meant to respond to welfare of the animal (Weibe & Jupe, 2005) .
While campaign is being made against animal confinement, productivities and profitability on investment on the part of the farmer must also be taken into consideration hence the need to investigate the extent to which birds in cages are being stressed in comparison to other housing systems. In depth reports have been earlier made on stress in livestock production (Chrousos, 1998; Sapolsky, 1999; Sapolsky et al., 2000) , but it must be well distinguished from distress and eustress. Stress has been reported to be the deviation from the homeostasis while distress is the metabolic changes that may be unbearable to the animal and eustress is the alteration from metabolic stability as a result of the prevailing condition to which the animal is getting adjusted (Silanikove, 2000) .
Various biomedical indices have been relied upon to quantify social, physical and physiological stress. These include the measurement of white blood cell populations, antibody titres, inflammatory response to phyto-hemaglutinin, heart beat rate, serum cortisol and glucose concentrations (Molony et al., 1995) , glucocorticoids, epinephrine and norepinephrine concentrations in the blood (Otten et al., 1997) . Moreover, reduction in the body and relative spleen weights of chickens has been used to confirm immunological response of birds to stress (Husband, 1993) . Also, the concentrations of blood corticosterone have been confirmed to be a good indicator to assess physical stress in birds (Siegel, 1980; Knowles & Broom, 1990) . However, measure of heterophil-lymphocyte ratio of the leukocytes have been suggested to be more reliable for stress quantification in livestock (Molony et al., 1995; Siegel, 1995) and it has been reported that change in the leukocyte concentrations as a result of stress is less variable and therefore a more reliable indicator than plasma corticosterone concentrations ( McFarlane & Curtis , 1989 ).
This experiment was therefore designed to investigate changes in the total white blood cell counts, differential leukocytes counts and heterophil-lymphocyte ratios as indicators of stress among two strains of egg-type chickens in three different intensive housing systems in the humid tropics as a mean to justify the need for animal welfare science and ethics in developing countries of the world where the issues of animal welfare is presently uncommon.
Materials and Methods

Location and Animals
The experiment was carried out at the poultry unit of the Teaching and Research farm of Bowen University, Iwo, Osun-State of Nigeria which is a typical humid zone of tropical Africa. The experimental location lies within the latitude and longitude of 3 o 52′E and 7 o 23′ N respectively as described by Olorode (2002) . A total of 125 Super Black (SBL) and 125 Super Brown day old chicks were purchased from a reputable farm hatchery located in Oyo-State of Nigeria. They were brooded and reared on deep litter housing system with strict observation of the relevant and welfare specifications. During the first four weeks of age, the chicks were given space allowance of 0.08m 2 per bird (Smith, 1995) and the space got increased with age and at 10 weeks of age it was 0.2 m 2 per bird as recommended by Oluyemi and Roberts (2000) . During brooding period, the birds were warmed electrically and light-darkness cycle of 23 hours lighting:1 hour darkness was maintained from day old till 56th day of age which was later stepped down to 15 hours lighting : 9 hours darkness from 57 th day through 18week of age as earlier described by Davis et al. (2000) .
Experimental Design
At 15th week of age, 108 pullets were randomly selected from each strain and were divided into three treatment groups of 36 pullets each in a Randomized Complete Block design where the housing system was the treatment that was blocked with strain. Each group of 36 pullets was further divided into three replicates of 12 pullets. The treatment (housing) groups are T1; Partitioned Battery Cage (PBC) which served as the control group being the conventional method of housing egg-type chickens in tropics, T2; Extended Battery Cage (EBC) and T3; Deep Litter System (DLS). EBC shared the same space allowance of 0.1m 2 per bird with PBC (Oluyemi & Roberts, 2000) but without partitioning to cells to allow birds to move about within the cage. Data collection started at 17th week of age and lasted 37 weeks.
Feed, Feeding and Other Management Practices
Birds were fed with commercial chicks mash from day old till 8 th week of age and thereafter with growers mash till 17 th week of age. Layers mash was given to them from 18 th till the end of the experiment. Feed and water were given ad libitum while necessary medications and vaccinations were carried out to keep the birds in good health. The proximate composition of the diets given to the experimental birds was determined by the method described by the Association of Official Analytical Chemists (A.O.A.C., 1990).
Blood Analysis
Changes in stress indicators were determined through blood analysis. Blood samples were collected at 17th week of age and bi-weekly thereafter to determine White Blood Cell (WBC) counts and differential leukocytes. 0.3 ml www.ccsenet.org/jas Journal of Agricultural Science Vol. 6, No. 4; of blood was collected via the brachial veins of the bird's wing web into ethylene diamine tetra acetic acid (EDTA-anticoagulant) treated bottles. WBC count was determined with the improved Neubauer haemacytometer method. The Stained-slide method earlier described by Dumonceaux and Harrison (1994) was used to determine the population of various white blood cells (differential leukocytes). Three blood smears were prepared for each sample. They were fixed with methanol and stained immediately with Wright's stain 100% .The smears were later rinsed with distilled water and allowed to air dry under room condition. Leukocyte quantification and classification was done using one hundred cells per slide viewed under oil immersion microscope at 100 times (100x) magnification. Differential leukocytes; Heterophils (H), Lymphocytes (L), Eosinophils (E),Monocytes (M) and Basophils (B) were counted and expressed as percentages of the total leukocytes. The H/L ratio was later calculated for each treatment group (Mitchell et al., 1992) .
Statistical Analysis
All data generated were subjected to statistical Analysis of Variance using the package of SAS (2008 2465.50 *Premix to provide the following per kg of feed; Vit A-500 iu, Vit D3-1200 mg, Vit.E-11 mg, Vit.K-2 mg, Riboflavin-20 mg, Nicotinic acid-10 mg, Pantothenic acid-7 mg, Cobalamin-0.08 mg, Choline chloride-900 mg, Folic acid-1.5 mg, Biotin-1.5 mg, Iron-25 mg, Manganese-80 mg, Copper-2 mg, Zinc-50 mg, Cobalt-1.25 mg and Selenium-0.1 mg. (Mistruka & Rawnsley, 1977) . Table 1 shows the gross composition of the diets (grower mash and layers mash) given to the experimental birds. The metabolizable energy and crude protein contents of the diets were formulated to meet the specifications earlier recommended for growing pullets and layers by NRC (1994) . Table 2 shows the proximate compositions of the grower and layers mash. The effect of different intensive housing systems on the total White Blood Cell (WBC) counts, differential leukocyte counts and Heterophil / lymphocyte ratios of the two strains of egg-type chickens is as shown in Mistruka and Rawnsley (1977) . Differential leukocyte counts were significantly (P < 0.05) affected by the housing system only. Heterophil counts of the two strains housed in PBC, EBC and DLS differed significantly (P < 0.05) from each other. The range was from 25.80% (DLS) to 33.02% (PBC) for SBL strain and 25.50% (DLS) to 33.05% (PBC) for SBR strain. The same trend was observed for the eosinophils and basophils counts and also the H/L ratios. However, lymphocytes counts of the two strains on PBC, EBC and DLS differed significantly (P < 0.05) from each other. The mean values ranged from 60.05% (PBC) to 68.20% (DLS) for SBL and 60.00% (PBC) to 68.00% (DLS) for SBR. Moreover, birds on PBC had highest values of monocytes counts (3.42% -SBL and 3.43%-SBR) while the least values were gotten from birds on EBC (3.19%-SBL and 3.20%-SBR).
Results
Discussion
There were absolute differences in the crude protein, crude fiber and ether extract contents of the calculated gross compositions of the grower and layers mash when compared to their proximate values. Although the values were not subjected to statistical analysis, however these differences may be due to the age and source of the feed ingredients and the analytical method used as suggested by Gohi (1980) , Tewe and Egbunnike (1992) and Omede (2008) . Meanwhile, the proximate compositions were in agreement with the recommendation of NRC (1994) to maintain proper growth and body uniformity of pullets.
As shown in Table 3 , the values of the WBC counts were statistically similar for the two strains of chicken housed differently. This is in agreement with the earlier findings of Maxwell (1993) and Neubert et al. (1996) that WBC count is not a reliable mean of assessing stress among chickens but the granulocyte and agranulocyte components. Although, environmental stresses on animals can be revealed through their blood characteristics (Lucas & Jam, 1961; Orji et al., 1986) , however, WBC is more reliable in the measurement of the bird's ability to fight against diseases (Murray et al., 1993) rather than for physical and physiological stress assessments. Therefore, an analysis for differential components of the WBC is necessary for the confirmatory evaluation or assessment of physical and or environmental stress on chickens.
Meanwhile, the values of the heterophil were high with those chickens in PBC with the least values from chickens in EBC. These heterophil cells got elevated in the blood probably in response to the physical stress the birds were exposed to through the housing systems despite the fact that the main role of heterophil cells as being phagocytic is to protect against microbes (Harmon, 1998) . Although the period of highest concentration was not established in this work, however, Post et al. (2003) reported that heterophil counts got elevated 24 hours after exogenous administration of corticosterone to broiler chickens and got stabilized thereafter.
Furthermore, chickens on DLS had the highest values of lymphocytes while those on PBC had the least values. Similar results have also been reported on chickens (Ostrowski-Meissner, 1981; Maxwell, 1993) . Lymphocytes are widely known to be important in body immune response (Khansari et al., 1990) . Also, the result shows that the values of the monocyte which is the largest of all the leukocytes varied among the housing systems. Chickens on PBC had the highest values followed by those on DLS and the least from EBC. This trend may not be linked to the effect of the housing systems.
The basophils and eosinophils have the same trend with the highest values from chickens on PBC and the least from those on EBC. These cells are involved in the regulation of the inflammation response. However, these cells have been reported not to have remarkable indication with stress assessment among chickens (Gross, 1990) .
Higher value of H/L ratio (0.55) of hens in PBC as observed showed that they have been exposed to some degree of stress although the immune response was not altered as reflected in the values for the total WBC counts where no significant (P>0.05) difference was observed between the mean values. The H/L ratios were increasing from DLS to EBC and then to PBC thereby revealing the trend of the increase in the magnitude of the physical stress. This result is in agreement with the reports of Gross and Siegel (1983) ; Maxwell and Robertson (1998) that hens housed in conventional battery cages had higher circulating non-lymphoid cells (heterophils) than those on free range and therefore are more stressed. Meanwhile ,ratio of the heterophil to lymphocyte can also be increased in birds by factors such as stock density (Gross & Chickering, 1987) , fasting and water deprivation (Hocking et al., 1993) .However these blood parameters were not influenced by strain and the interaction between the housing system and the strain. This implies that the blood parameters responded to the housing systems the same way among the two strains of the chicken. Also, it can be inferred that the strains of the chicken has no significant effect on their WBC and the differential leukocyte counts. Meanwhile, the mean values recorded for the monocytes were www.ccsenet.org/jas Journal of Agricultural Science Vol. 6, No. 4; more than the normal value range while those recorded for the eosinophils and basophils were lower than the normal value range earlier reported by Mistruka and Rawnsley (1977) for female chickens, these may be attributed to sampling methods and age of the chickens (Jain, 1986) .
Conclusion
As earlier reported by Dawkins et al. (2004) , the housing system adopted for chickens determines the level of welfare given to them rather than the population of the chickens, and therefore must be given thorough investigation in animal welfare science. The need to adopt alternative housing systems for laying chickens must be given global attention. While it is getting established legally in developed countries, there is need to validate this concern in developing countries scientifically. The results of this experiment justify the need to adopt alternative housing systems for egg-type chickens in humid tropics to improve the welfare of the chickens by eliminating the stress from the use of conventional battery cages.
